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2-wire bus 
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Implantable Medical Device 
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Sensor Capsule 
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EEPROM 
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ADC 
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Temp Sensor 
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Pressure 
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Sensor Capsule 
144 
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Oxygen Sens 
166 



■A 
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Programmer Module 

< \ Setup and Display of Sensor Data 
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Automatic Identification of sensors/leads to physician 
Labeling of Waveforms 
Alignment of EGM, ECG, and Sensor Data 
Distribution of Sensor data to Patient Information Network 



IMD - Implantable Medical Device 



Y RF Link 
- 102 1 




irmware 

Indices for alignment of 
Sensor and EGM Data 

Telemetry 

Control of Buffering & Block 
Moves 

Sequencing of Major Operations 
via Hardware Setup 

Sensor Trends, Triggers- 
setup of DSP engine 



\ ^ Therapy based on Sensor Data 



/*! Hardware 

Sequencing of triggering, 
reading, leakage checks 

Identifying Sensor(s) via Long 
Address 

Setup of Sensor(s) 

DSP of Sensor(s) Data 

Low-Level Transfers of Sensor(s) 
Data 

Wire Tr<\r\sce\\/er 



Sensor Capsule 
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2 wire bus 



Wire Transceiver 

References/Supplies and Clock Generation 
Sensor Interface, Sensor Logic, Sensor Electronics 
ADC 
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Nominally One Bit Time 
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_ One Bit Time __ 
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t5 
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— one bit time fast sender - 
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re-sync 



to 
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Nominal Bit Time 



Sender's Bit Time 




Receiver's Bit Time 



to 



ti 



t2 t3 t4 t5 

one bit time slow sender 

fast receiver 10.8 us 



t6 
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Slow Sender - Fast Receiver One Bit Time 



to 



re-sync 
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one bit time ^ 

AaAAAAA/UUUUUlA/LfLfUUUU 

tO tl t2 t3 t4 t5 tO tl 12 13 t4 t5 10 tl t2 t3 t4 t5 tO 

t6 H2 t18 

VS^ mustbezerobetweentl andtO ^////// ////^^^ 

< First rising edge between t8 ^ 

and t18 starts data collection 

to 

tO t12 



^ f 

t Fie. 14 



Nominal Start Bit 

Start Bit Defintion 



Start of Message 



one bit time 




tl thru t3 must h ave a falling edge 

-< — tO re-sync 

_J \ I 

'tO 12* 'tO 

nominal data "0" |i.C7. 10 

Master driving Data "0" 



one bit time 



t1 
H 



t2 
H 



13 
H 



14 
H/L 

13 thru 15 
mustM 



t5 
L 



t6 
UH 



t7 
H 



. t1 thru t3 
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- tO re-sync 

^^^^ 

-< — tO re-sync— 



-JT 

nominal data w O n 



14 tO 
Master driving a Data "1 " 
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note2 



one bit time 




tl thru 13 must have a falling edge 



15 -PTZWl 



notel 



" \ note3 



"must be low 
notel 



10 re-sync 



to 
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Slave driving a Data "0" 
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tO t1 



notel: Bus floats or is 
weakly held 

note2: Bus is driven by 
master 

note3: Bus is pulled by 
Slave 
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one bit time 




t3thrut5 
must fall 



- t1 thru t3 -M 
must be high 

notel 



note2 



11 



— tO re-sync — > 

note3 \ notel / note2 
14""" tO tl 



notel: Bus floats or is 
weakly held 

note2: Bus is driven by 
master 

note3: Bus is pulled by 
Slave 



Nominal data"!" 



Slave driving a Data T 
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one bit time 



notel: Bus floats or is 
weakly held 



tO tl t2 t3 t4 t5 tO tl t2 t3 t4 t5 tO tl t2 t3 t4 t5 tO 

HlkmtC t6 H2 tlo 



j 



must be high' 



note2 



note2: Bus is driven by 
master . 



\^\\ /#^ note H \ note3: Bus is pulled by 



; Ack Request 
; (MasterDriven Data "0") ^ 



note;! 

Acknowledge from Salve 
(Slave Driven Data T) 
< > 



10 12 



tO t1 



_/ \ 

Nominal sequence of stop, ack request, ack 



t4 t5 10 

"A r 



Slave . 

sensor data follows then 
bus is pulled up... 



t1 



Master Stop, Master Ack Req, Slave Ack 
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one bit time > 



^^^^.mr-,mr-inr-.nnn , notel: Bus floats oris 

JUWlfWVVVUlA/lJUUWUUU -»« 



11 t2 t3 14 15 tO tl t2 8 14 t5 10 tl 12 13 14 t5 tO note2: Bus is driven by 

* xL U - t t6 t12 t18 master 

tl thru 16 must be high 10 



J 



note2 



slop 



Ack Request 
(Master Driven Data ¥) 



in 10 12 
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NAK from Salve 
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bus idle 



tO tl 



tO tl 



Master Stop, Master Ack Req, Slave NAK 



bus idle 
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weakly held 



« t2 13 t4 t5 tO tl XL t3 t4 tS tO tl XL t3 t4 t5 tO 
-•-tl thru t6 must be high 16 ' 112 
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time 
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n. 
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Stop with Ack Request 



Logic 1 « Data Bits ■ 
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■r 
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Stop With Ack Request — \ r< Stop 




Master pulls on bus 

Bus floats or is weakly held 

Slave pulls on bus 

A response with data from slave to master 
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General Command Format 





msb.Jsb 


one 
bit 


msb.Jsb 


msbJsb 


msb.Jsb 


Stop-AckReq-(N)Ack 




Masted 


Master2 


M3 


Masted 


Masters 


Master6 


Master7 


Total Bit 
Times 


r Start 


Slave(s) 


QT 


Master Command Name 


Data 


FCS 


Stop Sequence 




2 bit times 


6 bit times 


1bit 
time 


5 bit times for most 
commands 


8 bit times 
for most 
commands 


8 bit times 


3 bit times 


33 
for most 
Commands 




G l| G 0 A 3 A 2 A 1 1 Ao 
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Long Address Format 



64 bit Long Address 



msb.Jsb msb.Jsb msb.Jsb msb.Jsb 



msb.Jsb 



msb.Jsb 



55 
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Slave Short Addresses and Multicast Examples 



Slave Short Address 


Master2 




Slave(s) 




61 


Go 


A 3 


A 2 


Ai 


Ao 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


1 


0 


2 


0 


0 


0 


1 


0 


0 


3 


0 


0 


1 


0 


0 


0 


4 


0 


1 


0 


0 


0 


1 


5 


0 


1 


0 


0 


1 


0 


6 


0 


1 


0 


1 


0 


0 


7 


0 


1 


1 


0 


0 


0 


8 




0 


0 


0 


0 


1 


A 

9 


1 


0 


0 


0 


1 


0 


A 




0 


A 

u 


4 

1 


A 

u 


A 

u 


B 


1 


0 


1 


0 


0 


0 


c 




1 


0 


0 


0 


1 


0 




1 


0 


0 


1 


0 


E 




1 


0 


1 


0 


0 


F 




1 


1 


0 


0 


0 


Broadcast All 


0 


0 


0 


0 


0 


0 


Multicast Slaves: 
3.2.1.0 


0 


0 


1 


1 


1 


1 


Multicast Slaves: 
7.5.4 


0 


1 


1 


0 


1 


1 


Multicast Slaves: 
B.A.8 


1 


0 


1 


1 


0 


1 


Multicast Slaves: 
E.D.C 


1 


1 


0 


1 


1 


1 
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Note: Counts E & F are not normally used 
f with the trigger command. 

Trig V Trig Trig Trig Trig 

Sensor Sensor Sensor Sensor Sensor 

0 0 0 0 0 

Count D Counto Count t Count 2 Count 3 

t t t t i 



Trig 

Sensor 

0 

Coun^ 



Trig Trig Trig Tng 

Sensor Sensor Sensor Sensor 

0 0 0 0 

Counts County Count 7 Countg 



Trig Trig Trig 

Sensor Sensor Sensor 

0 0 0 

Countg Count A Countg 



^uuiuj wing ™»», y v k n 1 

i t t t t t 1 



samples sensor 0 



CountA, Data 1 , 
Count B, Data 
Count C, Data 1 
ICounl D t Data 



Count 0 Data 1 , 
Count 1, Data 
Count 2, Data 
|Count3, Data; 



Count 4, Data 
[Counts, Data 
Count 6, Data 
Count 7, Dataj 




Time 
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Note: Counts E & F are not normally used 
f with the trigger command. 

Trig \ Trig Trig Trig Trig 

Sensors Sensors Sensors Sensors Sensors 

3,2,1,0 3,2,1,0 3,2,1,0 3,2,1,0 3,2,1,0 

Counto Counto Count 1 Count 2 Count 3 

t t t t t 



Trig 

Sensors 

3,2,1,0 

Count 

t 



Trig Trig Trig Trig 

Sensors Sensors Sensors Sensors 

3,2,1,0 3,2,1,0 3,2,1,0 3,2,1,0 

Counts Countg Cpunt 7 Cpuntg 



1 t t f 

read /feaa \ read read read 

four / four \four ' our ' our t ' our 

samples! samples /samples samples samples 

sensor 3 Vsensor 0/ sensor 1 sensor 2 sensor 3 



i 

read 



t 



Trig 

Sensors 

3,2,1,0 

Counto 

t 



Trig 

Sensors 
3,2,1,0 
Count A 



L_t 



Trig 

Sensors 
3,2,1,0 
Count B 



Time 



i r 

read read 

four four 

samples samples 



sensor 1 sensor 2 sensor 3 



1 T 

read read 

\four four 

/samples samples samples 

sensor 1 sensor 2 sensor 3 V sensor 



Data Result LSByteg 




Sensor 0 Data 



Data Result LSByte^ 
County [Data Result MSNibbiiA 



Count B [Data Result MSNibbleB 



Data Result LSBytec 
Countp |Data Result MSNibblec 



Data Result LSBytep 



Countp Data Result MSNibblep 



Data Result LSBytep 



Counto Data Result MSNibblep 



Data Result LSByte2 



County Data Result MSNibblep 



Data Result LSByte3 



Count2 | Data Result MSNibblep 



Data Result LSByte4 



Count3 |DataResultMSNibble3 



Data Result LSBytes 



Count4 [Data Result MSNibbieJ 



Data Result LSByteg 



Counts [Data Result MSNibbles 



Data Result LSBytey 



County Data Result MSNibbleg 



Data Result LSByteg 



County |[ 
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Counts E & F 
(skipped 

Trig \ Trig 

Sensor Sensor 

0 0 

Counio Counto 

t t. 



Trig 

Sensor 

0 

Countj 



Trig 



Sensor 
0 

Countg 



Sensor Sensor 



0 

Coun 



Trig 



0 

Count 3 



Trig 
Sensor 
0 



A A N N A 

C C T j, C A A C 

K K feadfpur K kk K 
samplessensorO 




Trig Trig I 

Sensor Sensor 

0 0 

Count4 Couri^ Counjg 

t t t 

A~J A N A 

C T jr C AC 

k read four k k k 
samplessensorO 



Trig (Re-trigger) 

Sensor 

0 

Count£ 



Trig Trig Trig Trig Trig 

Sensor Sensor Sensor Sensor Sensor 

0 0 0 0 0 

Count? Counto Counts Count A Countn 

t t t t t 



'CountO Data} 
Count 1, Data) 
Count 2, Data) 
Count F.FFhex) There is a 



Count 4, Data; 
Count 5, Data 4 
Count E, Data 
iCount 7 t Data 




~Tl a" 

c c 
k read four k 

samplessensorO 



Time 
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Command Codes and Measured Parameters 



Command Codes 


Measured Parameter 


Description 


Vsense ! 




Command Code that ispassed with a trigger down to the 
Defines the start of the Pressure Parameter Processinq Window". 


End of Pressure Window ! 




Command Code that is oassed with a trigger down to the sensor. 
Defines the end of the "Pressure Parameter Processina Window", 




max + RVdP/dt 


Maximum Positive dP/dt within "Pressure Parameter Processing 
Window^. 




min.-RVdP/dt 


Minimum Negative dP/dt within "Pressure Parameter Processing 
Window". 




PEI 


Pre-Eiedion Interval. Time interval from Vsense Command Code 
to + RV dP / dt point Calculated from time stamp deltas of tars. 




STI 


Systolic Time Interval • Time interval from Vsense Command code to - 
RV dP dt Mint Calculated from time stamo deltas of tars. 




RV Systolic Pressure 


Maximum Pressure. Systole is when the heart is squeezing to pump 
blood. 




RV Diastolic Pressure 


Ideally Minimum Pressure but will be defined as pressure measured at 
Vsense trigger Command Code. Diastole is when the heart is relaxed 
and is filling with blood. 




RV Pulse Pressure 


RV Systolic -RV Diastolic. 




ePAD 


Pressure at max + RV dP/dt. ePAD is estimated Pulmonary Artery 
Diastolic pressure and gives an estimate of a snapshot of left ventricular 
pressure since the mitral valve is open at this point in time. 
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Command Overview 



Master Command 
Name 


Command 
Length 
Bit Times 


Command Usage 


Unlocks (OOhex) 


33 


Safety command for master to unlock/lock certain areas of 
memory or to unmap slaves so they only respond to the long addresses. 


9pprrh 1 nnn Address 
(01hex) 


26-89 
(As search 
progresses 
more and 
more of the 
long address 
is added onto 
the command) 


Sends a string of bit(s) representing the long address stretching 
from MSB towards LSB. If a slave is at that long address and is 
unmapped then it pulls the DATA line low (i.e. does an ack). 


Write Short Address 
(02hex) 


89 


Using the long address it assigns a short address 


Trigger (03hex) 


33 


Triggering slaves. 
Each trigger has an associated Count and Command Code. 


Quick Trigger (QT bit Set) 


24 j 


Triggering slaves with a command fewer bit time. 
Each trigger has an associated Count. 


Read (04hex) 


24 plus data 
response 


Reads RAM/ Register Memory 


Read Results (05hex) 


33 plus data 
response 


Reads Result (ADC) data out of RAM/Kegister Memory ana nas 
an automatic dear data function and resetting of pointer movement. 


Write (06hex) 


33 


Writes a value into RAM/Register Memory 


LSB RAM/REG Address 
(07hex) 


33 


Sets LSB portion of Pointer to RAM/Register Address Space 


MSB RAM/REG Address 
(08hex) 


33 


Sets MSB portion of Pointer to RAM/Register Address bpace 


LSB EEPROM Address 
(09hex) 


33 


Sets LSB portion of Pointer to EEPROM Address Space 


MSB EEPROM Address 
(OAhex) 


33 


Sets MSB portion of Pointer to EEPROM Address Space 


Copy RAM/REG to 
EEPROM memory (OBhex) 


33 


Copies data from RAM/Register Address Space to EEPROM. 


Copy EEPROM to 
RAM/REG memory 
(OChex) 


33 


Copies data from EEPROM to RAM/Kegister address space. 


Quick read (ODhex) 


33 plus data 
response 


Reads the address pointers for debug. 
Reads the status by the error code and power monitoring. 




Master Command Names OEhex thru IFhex are unused. 
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Master's Unlocks (OOhex) Command 



Master 


Master2 


M3 


Master4 


Masters 


Master6 


Master7 


lotal 
Bit Times 


Start 


Slaves 
Unicast or Broadcast 
See Table 16 


OT 
1 


Master Commnad Name- 
Unlocks (OOhex) 

b 


Unlock Key 
Code 

5 


Unlock Key 
Option 

3 


FCS 
8 


Stop-AckReq-(N)Ack 
3 


33 ! 


2 


b 

Gi|Go|A 3 | AzKIaq 


0 


















If Broadcast then al 


slaves (mapped or unmapped) listen to this command. 








If Unicast and not for this slave then go to sleep atter Masters 
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Unlock Key Options 



Master 


M3 


Master4 1 




Masters 


Explanation 


Notes 


Slaved 


OT 


Unlocks 


■lffl!i3i;<3I«3EIMi 


Unlock Key Options 






Broadcast Only 


0 


(OOhex) 


00111 2 

(07hex) 


OOO2- Disallow writing a slave 
)ng address (and dock/supply trim] 

111 2 -Allowwritingaslave 
3ng address (and dock/supply trim] 


AIows/Disallows setting the memory pointer 
via the LSB RAM/REG Address (07hex) and 
MSB RAM/REG Address (Ofihex) commands 
to those memory locations that contain the long 
address (and clock/supply trim) in volatile 
memory you need to unlock that abiBy with 
the copy commands (see below in this table) 


(2) 


Broadcast Only 


0 




00001 2 

(Olhex) 


000 2 - Check for unmapped 
001 2 - Check for mapped 
111 2 -Unmap all slaves 


Works in conjunction with the Search Long 

Address (Olhex) command 
If 000 2 - is sent; "Check for unmapped" any 
unmapped slave will have an ACK response. 
If 001 2 - is sent: "Check for mapped" any 
mapped slave will have an ACK response. 


(3) 


Unicast Only 


0 




01011 2 
(OBhex) 


000 2 - Disallow copying 
111 r Allow copying 


Worts in conjunction with the Copy 
RAM/REG to EEPROM memory (OBhex) 




Unicast Only 


0 


! 


01100 2 
(OChe*) 


UUUo-Uisailow copying 
1iy Allow copying 


Works in conjunction with the Copy 
EEPROM to RAM/REG memory (OChex) 


(5) 
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Master's Unlocks (OOhex) Command 



Masterl 


Master2 


M3 


Master4 


Masters 


Masters 


Master7 


Total 
Bit Times 


Start 


slaves 

. Broadcast 


QT 


Master Command Name 
Search Lona Address (Olhex) . 


Long Address 


FCS 


StopAckreq(N)Ack 




2 


6 


1 


5 


1 to 64 bits 


8 


3 


26 to 89 




Gi|G 0 | A3 | A 2 |A 1 |A 0 


0 




















All slaves listen to this command whether mapped or unmapped since 

this command is Broadcast any slave that is mapped does not 
acknowledge this command see Table 18 (Example Search). A mapped 
slave may optionally go to sleep after filed Master 4. 
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Example Search 



Step 


Stave Long Address Bit 
Patter 

(Field Mastert) (MSB first) 


Slave 1010 response 


Slave 1001 response 


Found Slave 


0 


Send out an Unlocks (OOhex) command forcing all t 

checking for n 


he slaves to be unmapped. Skip this step if you are just 
3w slaves added. 


1 


Send out an Unlocks (OOhex) command checking for any unmapped slaves. The command is ACK'd since 
Slaves 1010 and 1001 will say they are unmapped. 


2 


1 


ack 


ack 




3 


11 


nak 


nak 




4 


10 


ack 


ack 




! 5 


101 


ack 


nak 




6 


1011 


nak 


nak 




7 


1010 


ack 


nak 


1010 


n 

8 


Send out a Write Short Address (02hex) command to assign 1010 a short address. This will make this slave mapped. 


Q 


Send out and Unlocks (OOhex) command checking for any unmapped slaves. The command is ACK'd since 

Slave 1 001 will say it is unmapped. 


10 


1 


nak (mapped) 


ack 




11 


11 


nak (mapped) 


nak 




12 


10 


nak (mapped) 


ack 




13 


101 


nak (mapped) 


nak 




14 


100 


nak (mapped) 


nak 




15 


1001 


nak (mapped) 


ack 


1001 


16 


Send out a Write Short Address (02hex) command to assign 1001 a short address. This will make this slave mapped. 


17 


Send out and Unlocks (OOhex) command checking for any unmapped slaves. The command is NAK'd since 
both slaves 1010 and 1001 are mapped. This tells the master the search for unmapped slaves is completed. 
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Master's Write Short Address (02hex) Command 



Master! 


Master2 


M3 


Master4 


Master5 


Master6 


Master7 


Total 
Bit Times 


Start 


Slaves 
Unicast 


Qt 


Master Command Name 
Write Short Address (02hex) 


Long Address 


FCS 


Stop-Ackreq-(N)Ack 




2 


6 


1 


5 


64 


8 


3 


89 




Gl I G 0 A 3 1 A 2 Ai Ag 


0 






















unmapped Long Address not for this above 
goes to sleep after MaslerS 






Mapped - not for this slave go to sleep after Master2 
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Trigger (03hex) Command 



Masten 


(VI doled 


M3 


Master4 


Master5 


Master7 


Master© 


Total 
Bit Times 


Start 


Slave(s) 
Multicast 


QT 


Master Command Name- 
Trigger (o3hex) 


Count 


Command 
Code 


Stop-AckREq-(N)Ac 


FCS 




2 


6 


1 


5 


4 


4 


3 


8 


33 




Gi G 0 A 3 A 2 At Aq 


0 






















unmapped • goes to sleep after Master4 






Mapped - not for this slave go to sleep after Master2 
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Trigger Command Code for cardiac IMD 



Trigger Command Code 


Code Meaning 


\ oooo I 


RVPace 


0001 


RV Sense 


0010 


RAPace 


0011 


RA Sense | 


( 0100 


IV Pace 


| 0101 


LV Sense 


0110 


LA Pace 


0111 


LA Sense 


1000 


unused 


1001 


unused 




unused... 


1 1110 


no specific Command Code occurring 


1111 


Cleared Data 
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Trigger Command Code for Sonomicrometry 



Trigger Command Code 


Code Meaning 


[ 0000 


all listen external acoustic ping 


0001 


acoustic ping 0 listen 1,2,3,4 


0010 


acoustic ping 1 listen 0,2,3,4 


0011 


acoustic pinq 2 listen 0,1 ,3,4 


0100 


acoustic ping 3 listen 0,1,2,4 


0101 


acoustic ping 4 listen 0,1,2,3 


0110 


TBD or error or unused do nothing 


0111 


TBD or error or unused do nothing 




TBD or error or unused do nothing 


1110 


no specific Command Code occurring 




-don't reconfigure 


1111 


Cleared Data 
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Quick Trigger (QT bit Set) Command 



Masterl 


Master2 


M3 


Mastert 


Master5 


Masters 


Total ! 
Bit Times 


Start 


Slaves 


QT 


Count' 


FCS 


Stop-AckReq-{N)Ack 




2 


6 


1 


4 


8 


3 


24 




GiIGqI A 3 | AjIA^Aq 


1 
















unmapped - goes to sleep after Masters 






Mapped • not for this slave go to sleep after Master2 
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Master's Write Short Address (02hex) Command 



Masterl 


Master2 


M3 


Master4 


Master5 


Masters 


Master7 


Total 
Bit Times 


Start 


Slaves 
Unicast 


QT 


Master Command Name 
Read (04hex) 


Quantity of bytes 1 


FCS 


Stop-Ackreq-{N)Ack 
(Slave Ack Master) 




2 


6 


1 


5 


8 


8 


3 


24 




Gl|G 0 | A3 I A 2 | A^Aq 


0 




















unmapped • goes to sleep after Master4 






Mapped • not for this slave go to sleep after Master2 
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Slave's Read (04hex) Response 



! msb.Jsb 


msb...lsb 


msb.Jsb 


msb.Jsb 


msb.Jsb 


msb.Jsb 


msb.Jsb 


Slave 0 


Slave 1 


Slave- 


Slave x-3 


Slave x-2 


Slave x-1 


Slave x 


Data 


Data 


Data... 


Data 


Data 


FCS 


Stop-Stop-Stop 


byteO 


byte 1 


(multiple bytes) 


byten-2 


byten-1 
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Rules for Read Results (05hex) command 





Read Results (05hex) command is 
told to read Buffer 0 


Read Results (05hex) command is 
told to read Buffer 1 


If ADC Pointer is currently set to 
write to Buffer 0 


1. Set Buffer 1's Count and/or Command Codes to 
F 16 codes and have ADC point to top of Buffer 1. 
Data Result Values of Buffer 1 may or may not be 
cleared to F codes - this is slave dependent since 
may want to leave alone to save power. 

2. Set Read Result Pointer to Top of Buffer 0. 

3. Send up contents of Buffer 0 for quantity 

of bytes requested. 


(Must be a retry re-read of Buffer 0) 
1 . Continue ADC writing Buffer 0 

2. Set Read Result Pointer Top of Buffer 1. 

3. Send up contents of Buffer 1 for quantity of 

bytes requested. 


If ADC Pointer is currently set to 
write to Buffer 1 


(Must be a retry re-read of Buffer 0) 
1. Continue ADC writing Buffer! 

2. Set Read Result Pointer Top of Buffer 0. 

3. Send up contents of Buffer 0 for quantity of 

bytes requested. 


1 . Set Buffer O's Count and/or Command Codes to 
F 16 codes and have ADC point to top of Buffer 0. 
Data Result Values of Buffer 0 may or may not be 
cleared to F codes - this is slave dependent since 
may want to leave alone to save power. 
2. Set Read Result Pointer to Top of Buffer 1. 
3. Send up contents of Buffer 1for quantity 
of bytes requested. 
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Buffer 0 is shown with 8 bit Data and Count and Command Code embedded 



Data Read Result Pointer 
at top of page boundary 



ADC Pointer (Old Location) 



ADC Pointer (New Location) 



Buffer O 



Data ResultQ 



Countp | Command Codep" 



County 



Data Result^ 

Command Code-; 



Data Result2 
Count2 | Command Code^f 





Read Results (05hex) Reading Buffer O 



Slave puts in non-F^ Command Code Fields 
and non-Fi6 Count Fields From the triggers. 



Set values have never been written by ADC 



ADC Pointer is moved and 
Command Codes and Count 
Codes are set to Fhex values 
according to rules outlined 
above. Data may be optionally 
set to FFhex values. 
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Master's Road Results (05hex) Command 



Masted 


Master2 


M3 


Master4 


Masters 


M6 


Master7 


Total 
Bit Times 


Start 


Slave 


QT 


More Command Name - 


Buffer 


Quantity of 


FCS 


Stop-AckREq-(N)Ack 




2 


b 


1 


5 


1 


7 


8 


3 


33 




Gi|G 0 | A 3 | AzjA^Ao 


1 






















unmapped -g 


oes to sleep aneriviastew 






Mapped - not tor this slave go to sleep after Master2 



FIG. 46 



Slave's Read Results (05hex) Example Response 



msbJsb 


msb.Jsb 1 msb.Jsb 


msb.Jsb 


msb...tsb 


msb.Jsb | msb.Jsb 


msb...Isb 




Slave 1 


Slave 2 


Slave... 


Slave x-3 


Slav 


ex-2 


Slave x-1 


Slave x 


Datao 


Counto 


Command 
Codeo 


{multiple bytes)... 


Data n 


Countn 


Command 
Code n 


FCS 


Stop-Stop-Stop 
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Masters Write (06hex) Command 



Masterl 


Master2 


M3 


Master4 


Masters 


M6 


Master7 


Total 
Bit Times 


Start 


Slave 
Unicast Preferred 
(Acknowledge vwll have value) 


QT 


Master Command Name- 
White (06hex) 


Value 
Byte to write 


FCS 


Stop-AckREq-(N)Ack 
(slave ACK master) 




2 


6 


1 


5 


8 


8 


3 


33 




G 1 I G ol A 3 A 2 A 1 N 


0 




















unmapped -goes 


to sleep after Master4 






Mapped • not for this slave qo to sleep after Master2 
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Master's LSB RAM/REG Address (07hex) Command 



Masterl 


Master2 


M3 


Master4 


Masters 


M6 


Master7 


Total 
Bit Times 


Start 


Slave 
Unicast Preferred 
(Acknowledge will then have 
value) 


QT 


Master Command Name- 
LSB RAM/REG Address 
(07hex) 


LSB Value 


FCS 


Stor>AckREq-(N)Ack 
(slave ACK master) 




2 


6 


1 


5 


8 


i 8 


3 


33 




Gi |G n | A 3 | A 2 | aJaq 


0 




















unmapped - goes to sleep after Maslerf 






Mapped - not for this slave go to sleep after Master2 
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Masters MSB RAM/REG Address (08hex) Command 



Masterl 


Master2 


M3 


Master4 


Master5 


M6 


Master7 


Total 
Bit Times 


Start 


Stave 
Unicast Preferred 
(Acknowledge will have value) 


QT 


Master Command Name- 
MSB RAM/REG Address 
(08hex) 


MSB Value 
Byte to write 


FCS 


Stop-AckREr^NJAck 




2 


6 


1 


5 


8 


8 


3 


33 




Gi G 0 A 3 A 2 A-| Ao 


0 




















unmapped - goes to sleep after 






Mapped - not for this slave go to sleep after Master2 
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Master's LSB EEPROM Address (09hex) Command 



Masterl 


Master2 


M3 


Master4 


Masters 


M6 


Master? 


Total 
Bit Times 


Start 


Slave 
Unicast Preferred 
(Acknowledge will then have 
value) 


QT 


Master Command Name- 
LSB EEPROM Address 
(09hex) 


LSB Value 


FCS 


Stop-AckREq-(N)Ack 




2 


6 


1 


5 


8 


8 


3 


33 




G 1 I G ol A 3l A 2 A 1 AO 


0 




















unmapped - goes to sleep after Master4 








Mapped- 


not for this slave 


go to sleep afte 


rMasler2 




Master's MSB E 


FI6. 51 

EPROM Address 


(OAhex) Command 


Masterl 


Master2 


M3 


Master4 


Master5 


M6 


Master7 


Total 
Bit Times 


Start 


Slave 
Unicast Preferred 
(Acknowledge will then have value) 


QT 


Master Command Name- 
MSB EEPROM Address 
(OAhex) 


MSB Value 


FCS 


Stop-AckREq-(N)Ack 




2 


6 


1 


5 


8 


8 


3 


33 




G, G 0 A 3 b 2 \ A \ *0 


0 




















unmapped -goes to sleep after Masler4 j 






! Mapped -not for this slave go to sleep after Master2 
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Master's copy RAM/REG to EEPROM memory (OBhex) Command 



Masterl 


Master2 


M3 


Master4 


Masters 


M6 


Master7 


Total 
Bit Times 


Start 


Slave 
Unicast Preferred 
(Acknowledge will then have 
value) 


QT 


Master Command Name- 
Copy RAM/REG to 
EEPROM memory (OBhex) 


Quantity of 
Bytes 1 


PCS 


Stop-AckREq-(N)Ack 




2 


6 


1 


5 


8 


8 


3 


33 




Gi G 0 A 3 A 2 Aq 


0 




















unmapped - goes to sleep after Master4 






Mapped - not for this slave go to sleep after Master2 
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Master's copy to EEPROM to RAM/REG Memory (OChex) Command 



Masterl 


Master2 


M3 


Masted 


Masters 


M6 


Master7 


Total 
Bit Times 


Start 


Slave 
Unicast Preferred 
(Acknowledge will then have value) 


QT 


Master Command Name- 
Copy to EEPROM to 
RAM/REG memory (OChex) 


Quantity of 
Bytes-1 


FCS 


Stop-AckREq-(N)Ack 




2 


6 


1 


5 


8 


8 


3 


33 




Gl | G 0 | A 3 A 2 Ai Aq 


0 




















unmapped -goes 


o sleep after Master4 






Mapped - not for this slave go to sleep after Master2 
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Master's Quick Read (oDhex) Command 



Masterl 


Master2 


M3 


Master4 


Master5 


M6 


Master7 


Tolal 
Bit Times 


Start 


Slave 
Unicast 


QT 


Master Command Name- 
Quick Read (ODhex) 


QRAddress 


FCS 


Stop-AckREq-(N)Ack 




2 


6 


1 


5 


8 


8 


3 


33 




Gl | G 0 | A 3 A 2 A, Ao 


0 




















unmapped -goes 


o sleep after Master4 






Mapped - not for this slave go to sleep after Master2 
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Master's Which Pointer to Read 



Masters 


Description of what it points to 


QRAddress 




0016 


EEPROM Address Pointer j 


0116 


RAM Register Space Address Pointer 


0216 


ADC Address Buffer Pointer 


0316 


Status Word 
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Slave's Quick Read (ODhex) Response 



msb.Jasb 


msb...lasb 


msb.Jasb 


msb.Jasb 


Slave 1 


Slave 2 


Slave 3 


Slave 4 


Data 


Data 


FCS 


Stop-Stop-Stop 


MSB 


LSB 







FIG. 57 
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Power and data pulses 



on two-wire bus 
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Example of power and data sequence with Start and Stop sequences 



J 




>IOV DUO 
bay>IOV— ► 



dois- 



o 

- 0> 
< r) O" 
<0 



Example of streaming messages 



